Abstract-Experimental approach of reflectance based vicarious calibration of solar reflectance wavelength region of mission instruments onboard remote sensing satellites is conducted. As an example, vicarious calibration of ASTER/VNIR with estimated aerosol refractive index and size distribution that depends on atmospheric conditions is discussed. Strange solution of estimated refractive index and size distribution may occurred due to the fact that solution fell into one of local minima in the inversion process for phase function fitting between measured and estimated with assumed refractive index and size distribution. This paper describes atmospheric conditions that may induce such a situation. Namely, it may occur when the atmospheric optical depth is too thin and or Junge parameter is too small. In such case, refractive index and size distribution estimation accuracy is poor. A relation between refractive index and size distribution estimation accuracy and estimation accuracy of the Top of the Atmosphere (TOA) radiance (vicarious calibration accuracy) is also clarified in particular for ASTER/VNIR vicarious calibration. It is found that 10% of the refractive index and size distribution estimation error causes approximately 1.3% of TOA radiance estimation error.
I. INTRODUCTION
Visible and Near Infrared mounted on earth observation satellites and the short-wavelength infrared radiation thermometer, Alternative calibration using measurement data on the ground and onboard calibration by the calibration mounting system is performed. For example, Marine Observation Satellite-1 [1] , Landsat-7 Enhanced Thematic Mapper Plus [2] , SeaWiFS [3] , High Resolution Visible: HRV/SPOT-1 and 2 [4] , Hyperion [5] , POLDER [6] , etc. by ASTER [7] . The calibration results and the like have been reported. Further, report according to reciprocity with a uniform ground surface [8] over a wide area such as desert radiometer each other overlapping of the observation wavelength range have been made [9] .
Vicarious calibration can be divided into approaches that are based on the radiance method based on reflectivity. The former to compute the calibration coefficients by the basis of the measurement data of the thickness atmospheric optical instruments from the ground surface reflectance and was placed on the ground, to estimate the atmospheric upper radiance, and compared with satellite radiometer data the contrast, estimates the upper atmospheric radiance also using the vertical measurement data of the thickness atmospheric optical equipped aircraft or the like, the latter is compared with satellite radiometer data. Since the latter requires a lot of costs, there is also a problem of the calibration accuracy of the radiometer mounted on an aircraft, the former is generally used.
Therefore, vicarious calibration is referred to as an alternate calibration simply alternative calibration based on reflectance unless otherwise specified hereinafter. Vicarious calibration method (Bi-Directional Reflectance Distribution Function if it is not the nadir: BRDF [10] ) land surface reflectance measurement of optical thickness water vapor that contributes to dissipate in this wavelength range and measurement of aerosol, ozone, dry air "Alternative calibration based on reflectivity" profile calibrated by done, estimates the top of atmosphere radiance by solving the radiative transfer equation based on these satellite visible and near infrared and is compared with the short wavelength infrared radiometer data mostly is. Further, alternative calibration and calibration source which months do not have to consider the influence of the atmosphere is also conducted [11] .
Furthermore, same or calibration, etc. through mutual comparison of sensor data of the same kind that are overlapping observation wavelength mounted on the other satellites are also performed [12] . [13] , [14] . To conduct the error analysis in the vicarious calibration of visible and near infrared radiometer, Arai et al. made it clear dominant error factors of vicarious calibration accuracy [15] . According to it, error factors most dominant is the ground surface reflectivity, then found to be in the order of aerosol complex refractive index profile deduced from this, the estimation error of the particle size distribution and measurement errors in thickness atmospheric optical are. In addition, Root Sum Square of these factors: It is concluded that vicarious calibration Winning, reveal the particle size distribution and the complex refractive index in the case of focusing on the convergence of the particle size distribution and aerosol complex refractive index , which is a problem when the thin optical thickness , particularly fall into local minima , the alternative in this paper I to clarify the effects of calibration accuracy [23] . In addition, the complex refractive index and empirical complex refractive index and (volume particle size distribution) particle size distribution based solar direct, peripheral light, the scattered light measurement and the number of power law distribution, which is calculated from the spectral characteristics of the thick atmosphere optical have performed a comparison of the top of atmosphere radiance when used. The latter requires only instrument small and light whereas the former require heavy instrument relatively large. Therefore, it becomes able to determine the error in case of performing a top of atmosphere radiance estimation by the latter in the test site measurements such as the former is not feasible. In addition, at this time, to clear solar zenith angle of the top of atmosphere radiance, also the observation zenith angle characteristics, I have generalized the discussion.
impact on the top of atmosphere radiance reflectance measurement error, the error measured optical thickness, complex refractive index estimation error of the particle size distribution estimation error dR2, dO2, dA2, dS2 wherein .
We introduce a method for estimating the particle size distribution and the complex refractive index in the second chapter, the relationship between the estimation accuracy of the particle size distribution and the complex refractive index and the calibration accuracy of the sky radiometer, particle size distribution and the complex refractive index in the third chapter. I describe the relationship between the vicarious calibration accuracy and the estimation accuracy of the particle size distribution the convergence of the estimation method, the complex refractive index.
II. METHOD FOR ESTIMATINGTHE PARTICLE SIZE DISTRIBUTION AND THE COMPLEX REFRACTIVE INDEX I described in this section from the particle size distribution and the complex refractive index of aerosols, the radiative transfer equation [24] to calculate the intensity of the ambient light and direct sun light. Expression of τ t optical thickness from (1), the optical thickness of the atmosphere can be calculated from the top of atmosphere incident illumination of F 0 and solar observation illumination F of direct sun light.
where the air mass (θ 0 ), θ 0 shows the solar zenith angle m 0 = 1 / cos. Furthermore, the optical thickness of the atmosphere is represented by the formula (2).
τ t = τ a + τ m = τ as + τ aa + τ ms + τ ma (2) where, τ represents the optical thickness. S index of molecule, the second character scattering, a is the absorption, the entire atmosphere, a is shown a dissipation factor of each aerosol, and m t is the index of the first character. Effects of water molecules and ozone are large optical thickness by molecular absorption.
It is set so as to avoid the intense wavelength of molecular absorption they observed wavelength of the sky radiometer, the observation wavelength of 675nm and 500nm band ozone absorption, 1020nm receive slightly the effect of water molecules absorbed. Next, observation of the solar irradiance scattered light is represented by the formula (3). (3) where, (the difference between the solar azimuth angle and observation azimuth) relative azimuth, Θ shows a sounding scattering angle with respect to the zenith angle of the sun φ. Relational expression (4) holds between the respective angles.
cos (Θ) = cos 2 θ 0 sin 2 θ 0 cos φ (4) In addition, observation of solar illumination direct light, it is ΔΩ (τ as τ ms ) / τ t single scattering albedo, P is (Θ) scattering phase function of the atmosphere, F observation solid angle of the sky radiometer, ω = q (Θ) I show the contribution of multiple scattering. Then, I think the (Θ) element R to stable independent of the calibration coefficient of the sky radiometer. www.ijarai.thesai.org R (Θ) = E (Θ) / F m0 ΔΩ = ωτ t P (Θ) q (Θ) ≡ β (Θ) q (Θ) (5) Divided by the solid angle ΔΩ observation illumination F of direct light, air mass m0, Sky radiometer observations illumination E of solar scattered light (Θ), R represented by the formula (4) (Θ) is or change each it is obtained by suppressing the error with respect to calibration. Therefore, it is a physical quantity which depends on only the state of the atmosphere.
Further, replacing the (Θ), β (Θ) denotes the intensity of single scattering (Θ) = β ωτ t P. By equation (5), it can be decomposed into the scattering phase function of aerosol scattering P a (Θ) molecular scattering and P m (Θ) scattering phase function is P (Θ). P (Θ) = {τ ms P m (Θ) τ as P a (Θ)} / (τ ms τ as ) (6) Compared to the observed wavelength λ of the sky radiometer r m particle size of the molecule is very small (πr m / λ <0.4). Therefore , the molecular scattering can be represented by Rayleigh scattering , the optical thickness τ ms scattering phase function Pm Rayleigh scattering (Θ), obtained by (8) and (7) , respectively equation .
Ground temperature, T, P is the pressure, (288.15K, 1013.25hPa) T0, p0 is a standard temperature, pressure here. The particle size of the aerosol r a , 0.4 <πr a the observed wavelength λ of the sky radiometer / λ is in a relationship <3. Therefore, I can be considered by the Mie theory scattering by aerosol.
Aerosol scattering intensity β a and τ as optical thickness due to Mie scattering (Θ), is determined by (9) each formula. (9) where, r the radius of the particle , the maximum radius r max and r min complex refractive index minimum radius and a ~ m, size parameter , n (r) = dN x = (2π / λ) r to (r) / dr is number particle size distribution included in the unit of the air column aerosol particles [1/cm 2 /μm], scattering efficiency , which is determined by Mie theory , Q ext (x, ~ m) and i 1 i 2 Me intensity function in (Mie Intensity Function) some . Is used number particle size distribution n and (r) as the particle size distribution of aerosols, using a volume particle size distribution v (r) = dV / d ln r a [cm3/cm2] as a particle size distribution of the aerosol here. There is a relationship of formula (10) (r) n v and (r). v (r) = (4/3) πr4n (r) (10) When defined in formula (11) (x, ~ m Θ,) the kernel function and K ext K (x), equation (9) is replaced by equation (12) .
In addition, P a (Θ) = β a is a (Θ) / ω a τ a , ω a is the single scattering albedo of the aerosol.
Then, I think the contribution of multiple scattering. Is approximated by the equation (13) observed luminance L of the sun scattered light considering multiple scattering (Θ). Becomes equation (14) can be represented by observing illumination E (Θ) this.
The observation illumination, of light by multiple scattering in the atmosphere is τ MS P m (Θ), Rayleigh scattering minutes, further, τ aS P m (Θ) is the aerosol scattering minutes τ mS P m is (Θ) here. Indicate the observation illumination of light multiple scattering more ground reflected light (0 ˚) τ A P m . Therefore, So far, describing the method of calculating R illumination of solar light scattering and direct sun light the F(Θ) particle size distribution of v (r) and the complex refractive index ~ m of aerosol. Then, I calculate the complex refractive index ~ m of aerosol particle size distribution: v (r) R illumination of solar light scattering and direct sun light from F(Θ). For this purpose, it is necessary to solve a non-linear inverse problem. You are using an iterative method based on the equation (17) as the solution of inverse problem in. Skyrad.Pack ver.4.2.
where, the number of iterations superscript of R and β a is (n), R mean shows the scattered light illumination was observed.
Equation (4), with respect to the scattered light illumination R mean was observed, optimal single scattering illumination β This technique is a method for calculating multiple scattering contribution and q(Θ) and (Θ). Further, to obtain R(n) and (Θ), it is necessary to estimate the complex refractive index ~ m aerosol corresponding to β(n) particle size distribution and v (n) (n) and (r). It is necessary to solve the inverse problem further in order to calculate particle size distribution and v(n) (n) and (r) ~ m. The use of MoorePenrose generalized inverse matrix in this paper. First, g a matrix consisting of (n-1) (τ a (0) is the observed value) of τ a optical thickness of the aerosol scattering illumination β a aerosol (n) and (Θ), particle size distribution v unknown (I place with the vector v n) of (r). Given g of calculation than a v to contain error ε, g is expressed by equation (18) .
where, A is a linear polynomial matrix for calculating the g from v. At this time, v that minimizes ε can be calculated by the formula (19) using the least-squares type generalized inverse matrix, (A T A+ γH) -1 A T [26] .
where, A T is the transposed matrix of A, γ indicates a smoothing matrix Lagrange multiplier , and H, of course, downward based on Arai · Ryo model in upward radiance calculation, is calculated by dividing p, the s-polarized light component.
It is possible to set the initial particle size distribution v(n) and (r) In this manner, the provision of R(n) and (Θ). In addition, I τ a (n) and the Aerosol Optical Thickness sought new at this time. By making repeated until convergence (18) in this way, complex (r) and particle size distribution v aerosol corresponding τ mean optical thickness illumination R mean of scattered light was observed, and (Θ) to (λ k ) it is possible to calculate the refractive index ~ m. It is considered to have converged when it meets one of the conditions of the conditional expression (20) . (20) The ε (n) RMSE is a Root Mean Square Error, is expressed by equation (21) here. (21) The index of the observation wavelength, J is the number of observation wavelength total number of scattering angle, Kindex of the scattering angle, k is the j here. Further, when the cutlet ε (n)> 0.5, the complex refractive index and ends the estimation of the particle size distribution is determined β(n) not to converge (Θ) with n ≥ 2. Therefore, I will not converge optical thickness becomes very thin. Furthermore, as described below, do not guarantee a global optimum, it is falling into local minima may in this iterative method. That is, since less originally the difference between the estimated scattering phase function measurement and scattering phase function estimation error increases and is considered the solution has converged in the state they do not a best fit when the optical thickness is thin .
III. EXPERIMENTS
A. Relationship complex refractive index and the calibration factor, and the particle size distribution Direct sun light, rim light and I is shown in Figure 1 . An example of the scattered light was calibrated by using the data of sky radiometer that is observed by Saga University. Arai · Ryo model [27] correction improved Langley method based on algorithm was used for calibration. The calibration coefficient of daily observation, error observation error of sky radiometer and the estimation error of the atmospheric www.ijarai.thesai.org conditions, by regression error of the Langley plot at the time included. Therefore, it is necessary to think statistically calibrate the radiometer sky. Figure 2 shows the change in the calibration factor of the sky radiometer. I seen twice is a large change in the calibration factor for each wavelength. 1 time is June 2004; the second time is July 2008. Is referred to as the " third term " changes since " two stage " , the second time period between the second " stage 1 " , and the first time the first time earlier in this paper. July 2008 a second time (period 2 → 3 phase) is the time you have made the (test) maintenance of sky radiometer, the calibration factor is increased compared with that before. Verify Error Analysis by the variation of the estimation result when an error is included in the calibration factor. The estimated particle size distribution and aerosol complex refractive index using the observation data, October 15, 2008 . Using the average value of the three phase, it calibration factor was estimated in addition to deliberately error to 10% -10 %.
First, recalculate the optical thickness by filling in the radiative transfer equation the volume particle size distribution and the complex refractive index was estimated using a sky radiometer data and the optical thickness was observed by sky radiometer. I was comparing the optical thickness that was observed this optical thickness was recalculated. At this time, if you are able to correctly estimate the particle size distribution and the complex refractive index, optical thickness that was observed with the optical thickness that is recalculated are equal. Therefore, it was thought that if the trust radiative transfer equation 2 [29] , the estimation accuracy of the particle size distribution and the complex refractive index could be evaluated. Figure 3 shows the results. Aerosol complex refractive index and solved the inverse problem so as to fit the observed values scattered light intensity and the optical thickness when estimating the particle size distribution , the optical thickness 's can fit more Figure 3 is, I can be seen that the error is only a few % range about ±. Specifically, other ranges can be seen that the solution of the inverse problem cannot be obtained satisfactorily. The reason for this is because the conflict began to arise in the relationship of the scattered light intensity and optical thickness from that error of the calibration factor is large. Here, since the particle size distribution in terms of the number (number distribution) can be approximated by a power distribution is called the number of power distribution. This paper was assumed (Truncated Power Law) censoring power law distribution based on the Junge parameters shown in the following as (r) number of power law distribution n. 
where, r indicates the diameter. The upper limit of r depends on the above equation. I expressed by the aerosol concentration coefficient C and Junge parameter ν is censoring power law distribution. C represents the overall height of the piece power distribution precisely. The concentration of aerosol varies with Junge parameter ν even though constant C that does not mean that C represents the concentration itself. However, it is referred to as the C concentration for convenience in this paper. To derive the optical thickness from the complex refractive index and particle size distribution, I calculate the Mie theory. I was used mie2new.f is attached software of MODTRAN is Mie theory calculations.
As shown in (experimental data in Saga University on October 15, 2008) Figure 4 , in general, bimodal characteristic is a (bimodal) but volume particle size distribution is unimodal characteristics by the number power law distribution to be represented by the Junge parameter is a (uni-modal). Further, because of the use of a Junge parameter indexed to the best approximation coefficients are not suitable only average and particle size distribution of reality. Therefore, the volume particle size distribution by the log-normal distribution expression is appropriate if you are a strict discussion. However, Junge parameter is characterized by to be approximated from (can be obtained from the spectral characteristics of the optical thickness of the atmosphere) angstroms exponential mathematical is easy to handle a single 27 | P a g e www.ijarai.thesai.org parameter. As will be described later, the difference of the estimated top of atmosphere radiance assuming the number of power distribution single parameter by (Junge parameter) and assuming a volume particle size distribution by a lognormal expression 1 in typical atmospheric conditions, it is about 2%. Therefore, it is necessary to allow the error when employing the number of power distribution. In other words, if it is brought into the crowded test site instruments large and heavy, such as Sky radiometer is difficult there are many alternative calibration, there is no choice but to allow the error of 1,2%. Complex refractive index that is estimated based on the sky radiometer data acquired in Saga on October 15, 2008 and is shown in Figure 5 the variation of Junge parameter. Complex refractive index real part is found to be nearly invariant to changes in the calibration factor. In addition, Junge parameter is also increased calibration coefficient becomes larger. In addition, the complex refractive index imaginary part has significant change with respect to changes in the calibration factor; the imaginary part is smaller remarkably calibration factor becomes larger. Complex refractive index imaginary part become smaller calibration factor becomes larger, it is because the optical thickness of the atmosphere becomes thick calibration factor is increased; the absorption of the aerosol would have been estimated large.
From the above, errors of 2-3% is included in the calibration factor, I found that the estimated value of the complex refractive index imaginary part is affected most greatly. In addition, I found that Junge parameter varies about 3%, the complex refractive index real part hardly changes. This, I am suggesting from the fact that the error of the calibration factor is increased, the optical thickness estimated the optical thickness that was observed cannot be fit.
Complex refractive index and using the mean of the estimates of 12:00 to 11:00 when evaluating estimation accuracy of the particle size distribution. This time zone is the time zone is the shortest air mass; it is also a time zone Terra satellite passes over the saga further. The observed number of days estimated successful in the time range of 12:00 to 11:00, Phase 1 period 95 days, Phase 2 139 days, Phase 3 period is 68 days. Physical amount estimated is three volume particle size distribution of the total aerosol in the air columns complex refractive index real part of the aerosol, the complex refractive index imaginary part, of the unit area [cm . I is shown in Figure 6 (a) an estimate of the Junge parameter and asymmetry parameters complex refractive index real part, imaginary part, the phase function. Complex refractive index that was estimated, based on the particle size distribution, to obtain the phase function using (mie2new.f) Mie scattering www.ijarai.thesai.org code that is provided software MODTRAN, was determined Junge parameters and asymmetry parameter. In the figure, upper complex refractive index real part, middle asymmetry parameter, diamond symbol is shown (negation, x100) the complex refractive index imaginary part data of cold color and Junge parameter. In order to investigate the trends in the estimates for calibration factors will be considered as limited to only the data that satisfies the following conditions. Conditions: Sunny, from 11:00 12:00 (average), 1 or less cloud cover 9:00, visibility 10km, Dongfeng 3 Weather conditions of these were with reference to the observations by the Japan Meteorological Agency. For the day of fine weather there is no effect of clouds on the observation of the sky radiometer, (the same applies to cloud cover) that can be expected estimate of aerosol stable. It is a period of time where you can expect the estimated stable since the time zone is the shortest air mass is 12:00 to 11:00. Visibility indicates the amount of aerosols and air molecules indirectly. Aerosol come is carried on the wind. It is considered to be shown (complex refractive index, Junge parameters) like features aerosol coming carried aboard the easterly, because the same wind, same time zone, aerosol in the same season. Complex refractive index real part of the estimated is shown in Figure 6 (b), in Table 1 , and (c) and the standard deviation and the monthly average of the imaginary part. Warm data is complex refractive index real part, cold color data shows the imaginary part in the figure. Complex refractive index imaginary part also shows seasonal variation with a tendency corresponding to the calibration accuracy. I also showed confidence intervals at 95% confidence level as a result of the t-test of the average value of the complex refractive index estimated in Table 1 . Confidence interval as compared to the average, two orders of magnitude smaller is also the wavelength difference between the estimation of the complex refractive index of the measurement day different is significant with 5 % level. Therefore, it is considered that the complex refractive index of the measurement date was selected as described above, and is similar to the nature of the aerosol parameters, etc. Junge. Further, the average trend of the complex refractive index imaginary part of Figure 6 (b) is the complex refractive index and the imaginary (calibration coefficients tendency similar trend calibration factor Sky radiometer in Figure 2 As is clear from this table there is shown portion is high in the first phase, and low in the second phase, and a) shows high values in the third phase, estimation of the complex index of refraction can be seen that it has much to do with the calibration factor. That is, as described above, I assumed that fall into a local solution 3 http://www.jma.go.jp/jma/index.html 29 | P a g e www.ijarai.thesai.org in iterative methods for calibration accuracy is insufficient; the estimation accuracy of the complex refractive index imaginary part is reduced.
B. The effect on the top of atmosphere radiance
I examined the change in the top of atmosphere radiance to changes in particle size distribution and the complex refractive index of the aerosol. Vicarious calibration target is ASTER / VNIR of Terra satellite. Pick up the field campaign was carried U.S.A. in Nevada Railroad Valley Playa on September 21, 2008 and July 30, 2006 as an example, the complex refractive index and the effect of particle size distribution shows an effect on the top of atmosphere radiance. The test site, Railroad Valley Playa, there is a permanent direct sun light, rim light and the equipment to measure the scattered light as well as the sky radiometer Aureolemeter as part of AERONET [28] . Figure 7, 8 shows the particle size distribution and the complex refractive index estimated from the sky radiometer data and optical thickness, respectively. 30 | P a g e www.ijarai.thesai.org (21) expressions that make up the complex refractive index real part and the imaginary part in Figure 9 . We also measured by (20m intervals 60m x 60m) ground surface of the test site is a Playa covered by a substantially uniform silica-based clay for several 10 km square or more, it was estimated ground reflectivity average . Using the EKO Instruments Co. MS720, measures the ground surface reflectance at 1nm wavelength interval based on standard diffusion plate spectralon of LabSphere manufactured by (certified), and carried out the convolution integral of the spectral sensitivity characteristics of ASTER / VNIR I have to calculate the reflectance of each band of VNIR Te. These reflectance and solar zenith angle (18:32:05 UTM respectively, 18:33:34 UTM) in the satellite pass time of observation date, the sun azimuth angle, observation zenith angle, ground surface pressure (hPa), total ozone (DN), I is shown in Table 2 (cm) the total amount of water vapor. Moreover, the volume particle size distribution that ground surface reflectance was measured, was determined from the sky radiometer data, the top of atmosphere radiance Last calculated from ASTER / VNIR data, to obtain the phase function with a complex refractive index, MODTRAN multiple scattering is calculated by, further, the top of atmosphere radiance Lave obtained by considering these computed by MODTRAN absorption total ozone by steam total, the number of data of the thickness atmospheric optical only complex refractive index and particle size distribution volume particle size distribution was estimated from Aureolemeter data and L jung to obtain the coefficients of the power distribution , was modified to use a complex refractive index empirical and compared with L aero using a complex refractive index. I show the comparison results in Table 3 . (7) , the band according to its deviation a biased manner have been identified between the calibration factor according to an alternative calibration that is performed www.ijarai.thesai.org here with the calibration factor obtained by using the data of the on-board calibration system ASTER / VNIR is to be 10,5,3 percent in the order 1, 2, 3 [30] . Table 3 is almost the same, there is a gap of around 5% deviation of September 21, 2008 . In addition, I have shown that people of L ave deviation and L ast to close (7) to (18) between the bias of the alternative calibration factor with the on-board calibration factor over 10 years than the deviation from the L ae o r Asked the complex refractive index and volume particle size distribution (sun direct light, rim light, scattered light) from the sky radiometer data of September 21, 2008 , (xxxVolume, xxx represents the wavelength nm here) top of atmosphere radiance estimated. Determined Junge parameters of the number power distribution from the spectral characteristics of the thick atmosphere optically. As a result, the atmosphere (xxxPlMea) when using a complex refractive index calculated on the (xxxPlEnp) when using the experience in the complex refractive index.
I compared to the top radiance. That is, a comparison for evaluating the error when estimating the upper atmospheric radiance using Junge parameters obtained relatively easily. At this time, the solar zenith angle and was assessed as a function of the observation zenith angle other times, as can also be applied to other sensors of this evaluation result. As shown in Figure 10 , (0 degrees observation zenith angle), the difference of the top of atmosphere radiance and (1.44-i0.005 experience value) number of power distribution and volume particle size distribution of 0.1 if the nadir results. I found that also 2.3W/m 2 /sr, from, the difference number of the power law distribution (measured value 1.51-i0.028) is 1.3W/m 2 /sr from 0.8. In addition, I found that this difference is larger observation zenith angle increases. Think anyone who wants to estimate solar direct light, rim light, by scattering light measurement value the complex refractive index and volume particle size distribution is the best to the top of atmosphere radiance estimated that these measurements are not possible, atmospheric optical it was found that the difference is 1,2 % to estimate the parameters of the number of power distribution only from the measurement data of the thickness, even if the estimated top of atmosphere radiance using a complex refractive index empirical. It was also found that if it is possible to measure the complex refractive index difference between the two is less than 1%. Therefore, estimation of the complex index of refraction in the case of using the Junge parameter is important, but the method for measuring the polarization component of the atmospheric scattering light using a portable handy polarized radiometer small and Figure 11 the difference in phase function. Symbol Average in the figure is a phase function that was calculated using the complex refractive index and the volume particle size distribution was determined using a sky radiometer data, AERONET is a volume particle size distribution and the complex refractive index obtained from the AERONET data is a phase function determined by mie2new.f earlier using. Is a phase function that determines the Junge [29] Junge parameters from aerosol optical thickness of 870 nm and 340 nm, was determined using the empirical values and measured values of the complex refractive index thereto. I found that towards the phase function of Junge is larger than the forward scattering AERONET, also, represents the backscattering is small, and the difference between the experiences with the actual value of the complex index of refraction is insignificant. Therefore, the person in the case of Junge, the greater the top of atmosphere radiance than AERONET. However, the difference between the top of atmosphere radiance is about 3%, as described below.
Complex refractive index respectively and Figure 12 , 13 shows the variation of the top of atmosphere radiance to changes in particle size distribution. Was calculated assuming the observed brightness of ASTER is the top of atmosphere radiance. I can be seen from these, the top of atmosphere brightness is less complex refractive index imaginary part is increased; the top of atmosphere brightness also increases Junge parameter increases. However, the tendency is small, it is 153 ± 2 [W/m 2 /sr/μm] the real part of the complex refractive index can be made to change 1.5 ± 0.15, i.e., an error of 10% even occurred I see that. In addition, the imaginary part is a 153 ± 0. 
IV. CONCLUSION
Complex refractive index empirical and complex index of refraction and (volume particle size distribution) particle size distribution based solar direct, peripheral light, the scattered light measurement and I used the number power law distribution, which is calculated from the spectral characteristics of the thick atmosphere optical result of comparing the top of atmosphere radiance case, it was found to be 1,2 %. Therefore, tolerances that must be assumed in the alternative calibration bringing the test site instruments heavy relatively large as Aureolemeter and sky radiometer is difficult revealed.
Further, the estimated scattering phase function complex refractive index to aerosol complex refractive index in the case Junge parameter, or if the thickness atmosphere optically thin small and errors of particle size distribution estimation has assumed measured scattering phase function and using a particle size distribution it was found that due to the convergence of iterative solution when to fit with.
Further, we estimate error analysis of the particle size distribution and aerosol complex refractive index , the estimation error of the top of atmosphere radiance, i.e., as in the alternative calibration error is about 1.3% Even 10% even if an error of these I made it clear to. Therefore, if such an alternative calibration test site thin thickness atmospheric optical particularly understood that a (solution does not converge if more) 2,3 % request for calibration accuracy of the sky radiometer .
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